Catalase from Aspergillus niger was purified to homogeneity as judged from the results of ultracentrifugation and polyacrylamide gel electrophoresis. The enzyme had a molecular weight of 385,000 as estimated from sedimentation measurements. Car bohydrate analyses showed that the catalase was a glycoprotein containing about 8.3%, neutral sugar and 1.9% glucosamine. Under denaturing conditions, poly acrylamide gel electrophoresis revealed only one band with a molecular weight of 97,000 daltons in gels stained for either protein or sugar, suggesting that the native enzyme consists of four subunits with covalently bound carbohydrate.
In the reac tion with inhibitors, A. niger catalase showed lower affinity than the "standard" catalases.
The pK values for HCN, HN3, and HF were estimated to be 3.4 (at pH 7.4), 2.3, and 1.5 (at pH 4.2), respectively. In addition, the fungal enzyme reacts with methyl hydrogen peroxide in a very unusual way. Even after the addition of a large excess of the peroxide, only catalase compound I was formed, and com pound II did not appear. Using this unique property of A. niger catalase, we obtained CD and MCD spectra of compound I uncontaminated by compound II. The magnitude of the positive CD peak of compound I in the Soret region was about half that of the native enzyme. The MCD spectrum obtained was better resolved than that of bovine liver catalase compound I in the visible region.
Catalases from a number of sources have been studied, but very little has been published on Aspergillus niger catalase (1, 2) . Gruft et al. re ported that the catalase of A. niger has a relatively high molecular weight of 323,000 and contains only trace amounts of carbohydrate (2) . However, our own investigations have recently shown
Abbreviations: MCD, magnetic CD; SDS, sodium dodecyl sulfate. that A. niger catalase is a glycoprotein with a molecular weight of 385,000 (3). Here we report on the carbohydrate composition and the subunit structure of homogeneously purified A. niger catalase.
We studied the reactivity of the fungal enzyme with its inhibitors and obtained the pK values of the enzyme-inhibitor complexes for HCN, HN3, and HF. These values are all considerably lower than those of the corresponding complexes of the "standard" catala ses, e.g. bovine liver or horse erythrocyte catalase, (4) (5) (6) . In the case of catalase -HN3, the pK value obtained is similar to that found in the earlier study (2) .
In the reaction with hydrogen peroxide, Scott and HamMer reported that A. niger catalase ex hibited greater stability to high concentrations of the peroxide as compared to bovine liver catalase (1) . In order to obtain more detailed knowledge of the catalytic properties, we examined the reac tion of the fungal enzyme with a substrate analog, methyl hydrogen peroxide.
The results showed that only catalase compound I was stably formed, and unlike the other catalases (7, 8) , compound I was not converted to compound II.
Using these properties, we measured the ab sorption, CD and MCD spectra of pure compound I and compared the results with those for bovine liver catalase (9, 10) or horseradish peroxidase (11) . (Fig. 2) , the purified enzyme sedimented essentially as a single component.
MATERIALS AND METHODS

Materials
The s20,w was found to be 13.55. et al. (2) . The molecular weight of the subunit was determined by SDS-polyacrylamide gel elec trophoresis. In Fig. 3 , gel A shows the catalase subunit stained for the carbohydrate moiety, and B is stained for the protein moiety. The gels both show a single band of catalase subunit. As shown in Fig. 3 , these two bands co-migrated on the same gel, indicating that the carbohydrate moiety was covalently bound to the protein moiety. The molecular weight of the subunit was determined by interpolation from the migration positions of the marker proteins to be 97,000, as shown in Fig.  4 . Since the molecular weight determined by sedimentation equilibrium analysis is 385,000, the native enzyme is considered to consist of four subunits, as do the "standard" catalase. Carbohydrate Analyses-Analysis of the total neutral sugar content by the phenol-sulfuric acid method showed that A. niger catalase contained approx. 9.0% neutral sugar, whereas no carbohy drate was detected in porcine or bovine liver catalase. Gas-chromatography was performed in order to identify the sugar components of A. niger catalase. The hexosamine content was determined with an amino acid analyzer. The sugar compo sition thus obtained is shown in Table I . As estimated from the results of gas-chromatography, the enzyme was found to contain 8.3% neutral sugar, and this value was consistent with that obtained by the phenol-sulfuric acid method. The This is similar to the change in the absorption spectrum.
In the visible region, the CD spectrum showed two positive bands at 498 and 541 nm and a negative one at 644 nm and these corresponded to the absorption bands of the native enzyme at 500, 540, and 625 nm, respectively. With compound I, the CD peak at 498 nm was slightly lower and the peak at 541 nm was reduced by half.
The MCD spectrum of native A. niger catalase was almost the same as that of bovine liver catalase (10) in the visible region.
In the Soret region, however, there was a slight difference.
The spectrum of compound I of the fungal enzyme was resolved better than that of either bovine liver catalase (10) or horseradish peroxidase (11) at the a and /1 bands.
In the region of these bands, we observed differences between the MCD spectrum of compound I and of the native enzyme. The shoulder at 460 nm disappeared, the peak at 488 nm was reduced, and the A term band centered at 544 nm shifted to 566 nm, while new positive peaks appeared at 562 and 590 nm. In the Soret region, the differences were less than those of bovine liver catalase (10) or horseradish peroxidase (11) . In the lower energy region, the chargetransfer band centered at 628 nm in the MCD spectrum of the native A. niger catalase was shifted to 641 nm in compound I. The unique properties of this enzyme have already been documented (1, 2), one of these being its molecular weight, which is higher than those of the "standard" catalases.
In this study, we obtained the value of 385,000, which is higher than that reported by Gruft et al. (2), 323,000. This discrepancy is probably due to the carbohydrate moiety, which was not noticed in the earlier study.
Another catalase with a high molecular weight (320,000), Neurospora crassa catalase, has been reported by Jacob and OrmeJohnson (25) . This fungal enzyme, however , con tains a different prosthetic group , chlorin (26), whereas the A. niger enzyme was found to contain one protohematin per subunit.
The low pK values we obtained for the inhib itor complexes are consistent with the earlier study which showed greater stability at low pH and high peroxide level (1) . These data lead one to suppose that the carbohydrate moiety bound to the pro tein moiety provides protection of the active center against extreme conditions , e.g. pH 2-4 or 1.5
H2O2. Moreover, the fungal catalase reacts with the substrate analog , methyl hydrogen peroxide, in a very unusual way. At high concentrations of the peroxide, only compound I was formed, and compound II was not detected, in contrast to other catalases (7, 8) .
From the results of absorption and MCD spectra, it is evident that the electronic state of the heme of native A. niger catalase is similar to that of other catalases, although the structure of the whole molecule is quite different from those of the others. The CD spectrum of the native enzyme showed a sharp positive peak at 415 nm, and is similar to those of porcine erythrocyte catalase (27) , methemoglobin (28) and horseradish peroxidase (29) ; but different from that of bovine liver catalase (9) . The intensity of the Soret CD band of the enzyme is greatly altered by conversion to compound I. The CD spectrum of methe moglobin peroxide compound showed a similar reduction of the Soret band (28) . On the other hand, for bovine liver catalase, the CD spectrum reported for compound I is very similar to that of the native enzyme (9) . The MCD spectrum of A. niger catalase compound I showed better resolution than either the absorption or CD spectrum of the compound, especially in the visible region.
Recently, Browett and Stillman have proposed the n-cation radical derivatives of porphyrins as models of the electronic configuration of the heme in compound I species (11) . They have assinged the MCD spectra of [Co(III)octaethylporphyrin]-2Br and [Co(III)octaethylporphyrin]2C1O4 to the 2A1 u and 2A1u porphyrins, respectively. The MCD spectrum obtained in this study is similar to that of the 2Alu porphyrin in the visible region. In the Soret region, A. niger compound I shows a lower MCD intensity than the model porphyrin or bovine liver catalase compound I at the nega tive transition at 420nm. These data seem to support the currently accepted electronic structure of compound I as an Fe(IV) and a r-cation radical on the heme (30) (31) (32) , and it is suggested that the carbohydrate moiety stabilizes the intermediate structure. However, in order to confirm the role of the sugars in the catalatic reaction, further experiments on A. niger catalase with the sugar moiety removed will be required.
During the preparation of this paper, Wasser man et al. reported that A. niger catalase has 9 neutral sugar and 3% hexosamine (33) . These values are almost the same as those we obtained.
